PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



mm 



INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
C06B 45/04, 25/34, F42B 1/02 



Al 



(11) International Publication Number: WO 98/49123 

(43) International Publication Date: 5 November 1998 (05.1 1.98) 



(21) International Application Number: PCT/SE98/00775 

(22) International Filing Date: 28 April 1998 (28.04.98) 



(30) Priority Data: 

9701622-4 



29 April 1997 (29.04.97J 



SE 



(71) Applicant (for all designated States except US): 

FORSVARETS FORSKN1NGSANSTALT [SE/SEj; 
S-172 90 Stockholm (SE). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): LANGLET, Abraham 
fSE/SE]; Surbrunnsgatan 33, S-113 48 Stockholm (SE). 
OSTMARK, Henric [SE/SE]; Bergmarksvagen 2, S— 141 41 
Huddinge (SE). 



(74) Agent: FORSVARETS MATER IELVERK; 
S-115 88 Stockholm (SE). 



Patentenhetcn, 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GE, 
GH, GM, GW, HU. ID, IL, IS, JP, K.E, KG, KP, KR, KZ, 
LC, LK, LR, LS, LT. LU, LV, MD, MG, MK, MN, MW, 
MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, 
TJ, TM, TR, TT, UA, UG, US, UZ, VN, YU, ZW, ARIPO 
patent (GH, GM, KE, LS, MW, SD, SZ, UG. ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, 
IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 

In English translation (filed in Swedish). 



(54) Title: MELT CAST CHARGES 



(57) Abstract 



The invention relates to a method of manufacturing melt cast charges, e.g. shaped charges, comprising suspension of an explosive 
component in a molten component serving as a matrix. The invention is characterised in that ADN (ammonium dinitramidc) is used as a 
matrix. The invention also concerns a melt cast charge comprising a matrix of ADN, in which an explosive has been suspended, selected 
from the group consisting of RDX, HMX, HNIW and mixtures thereof. 



FOR THE POROSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT en ri: ::ont pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


Fl 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LI- 


Luxembourg 


SN 


Senega) 


AU 


Australia 


GA 


Gabon 


LY 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


ha 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


13B 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Taiikisurt 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


U'mir.t 


BK 


Brazil 


IL 


Isrnel 


MR 


Mauritania 


UC, 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United Spates of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbelcts:2ri 


CK 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nar.i 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CI I 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


Cdtc dMvoire 


KI» 


Democratic Peoe^'s 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korcs 


PL 


Poland 






CN 


China 


KK 


Republic of Korr: 


FT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


KU 


Russian Federation 






I)K 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






Dk 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






Eli 


Estonia 


l.R 


Liberia 


SG 


Singapore 







WO 98/49123 PCT/SE98/00775 



Melt Cast Charges 



The invention relates to a method of manufacturing melt cast charges comprising 
suspension of an explosive component in a molten component serving as a matrix, 
5 and new charges manufactured in accordance with the method. 

Melt cast charges are commonly used as explosive charges in shells and mines. 
Casting is a simple and inexpensive method of manufacturing also charges of a 
complicated design, e.g. shaped charges, directly in a shell body. Melt cast charges 
10 are also relatively easy to scrap by melting out the charge. 

TNT (2,4,6-trinitrotoluene) is the explosive which has mainiy been used in melt cast 
charges. TNT is stable, insensitive and has a low melting point (80°C), but has rela- 
tively poor performance and a strongly negative oxygen balance (-73.9%). Explo- 
15 sives having higher performance, such as RDX and HMX. have therefore been 
suspended in molten TNT, which thus has served as a matrix, thereby obtaining 
castable mixed explosives. Also a number of other products can be mixed with mol- 
ten TNT to obtain castable explosive charges for special purposes, e.g. aluminium 
powder for charges having high efficiency. 

20 

One object of the present invention is to provide melt cast charges with improved 
performance. A further object is to use a new matrix which replaces TNT in the 
manufacture of melt cast charges, but which at the same time allows essentially the 
same processes and process equipment to be used in the manufacture of the 
25 charges. 

According to the invention, ADN (ammonium dinitramide) is used as a matrix. The 
preparation of ADN is disclosed in e.g. WO 91/19669, WO 91/19670 T WO 93/16002 
and WO 97/06099. 

30 

The invention also relates to a melt cast charge comprising a matrix of ADN. in 
which an explosive has been suspended, selected from the group consisting of 
RDX, HMX, HNIW and mixtures thereof. 

35 HNIW, or CL-20 as it is also referred to, is hexanitrohexaazaisowurtzitane. A 

method of preparing HNIW is disclosed in e.g. WO 97/00S73. HNIW has no melting 
point and decomposes at about 230°C. 
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Melt cast charges of mixed explosives, in which TNT is used as a^matrix, are well 
known and have long been used in military applications. Examples of such mixed 
explosives are TNT/RDX (Cyclotot, Hexotol, Comp. B, HT); TNT/HMX (Octol); 
5 TNT/RDX/A1 (Hexotonal, Torpex, Trialene, HTA, HBX-1, HBX-3, H-6); TNT/HMX/AI 
(Octonal, HTA-3); TNT/RDX/HMX; TNT/RDX/HMX/AI. 

According to the invention, ADN (ammonium dinitramide) can replace TNT as a 
matrix in such charges and result in a mixed explosive with improved performance. 
10 TNT has a melting point of about 80°C and ADN a melting point of 92°C. The dif- 
ference in melting point is not greater than to allow the use of essentially the same 
manufacturing processes when the charges are manufactured by using the new 
matrix. 

15 The detonation performance for pure ADN is somewhat lower than for TNT, but 
mixtures of ADN and HMX, RDX, HNIW etc. result in considerably higher perform- 
ance than do mixtures of the corresponding explosive and TNT. 

The new method is especially well suited for manufacturing shaped charges, where 
20 the melt/cast technique has great advantages while at the same time it is desirable 
to achieve higher performance of the charges. 

Theoretical calculations of detonation performance in shaped charge applications 
for different mixtures have been carried out by using the program Cheetah, the 
25 detonation performance for HMX being used as a basis of calculation and being set 
to 100%. The result is shown in the following Table: 



Explosive 


Mixture, weight%/weight% 


Performance, % of HMX 


TNT/RDX 


30/70 


80 


TNT/HMX 


30/70 


85 


ADN/RDX 


30/70 


95 


ADN/HMX 


30/70 


101 


ADN/HNIW 


30/70 


112 



A mixture of ADN/HMX 30/70 has the same performance as pure HMX, i.e. HMX 
30 can be melt cast without loss of performance by using ADN as a matrix. 
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The performance values in the Table relate to mixtures, i.e. for ADN/HNIW 
(ADN/CL-20) if HNIW is suspended in molten ADN. As described in Swedish Patent 
Application 9701394-0, HNIW can also be dissolved in molten ADN, thereby obtain- 
5 ing a complex of ADN and HNIW. The performance for the complex is higher than 
for the mixture. 

In the charges, aluminium powder and other additives can be mixed in the same 
way as is known from the manufacture of charges using TNT as a matrix. When 
10 aluminised charges are manufactured, the explosive can first be granulated with 
aluminium powder, for instance as described in US 4,376,083, before being mixed 
with the matrix. 

The invention will now be described by way of Examples. 

15 

Example 1 

3 g ADN were melted in a small steel cup provided with a thermostat and internally 
coated with Teflon. The thermostat was set at 105°C. 6 g HMX (200 jim) were 
20 added and mixed with the melt. A small stainless steel anchor was dropped into the 
mixture. The sample was cooled by setting the thermostat at 94°C for about 7 min 
and then switching it off completely. When the sample had cooled, it was carefully 
withdrawn from the cup by means of the anchor. 

25 The test was repeated while adding RDX and mixtures of HMX and RDX to molten 
ADN. 

The samples were analysed by DSC. No complex formation or exotherms owing to 
compatibility problems could be observed. Moreover, no change could be noted, 
30 either of the ADN matrix or of the admixed explosives when dividing the cast sam- 
ples. 

Example 2 



35 



3 g ADN were melted in the same way as in Example 1 , and 6 g HNIW were added 
and mixed with the melt. The mixing was carried out relatively quickly to avoid that 
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HNIW dissolved in the melt to any considerable extent. The sample was cooled by 
shutting off the thermostat. 

The sample was analysed by DSC. At 92 °C, the ADN phase melted while the 
5 HNIW crystals seemed to be unaffected. 
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Claims: 

1 . A method of manufacturing melt cast charges, comprising suspension of an 

5 explosive component in a molten component serving as a matrix, characterised in 
that the molten component is ADN. 

2. A method as claimed in claim 1, characterised in that the charges are shaped 
charges. 

10 

3. A melt cast charge, characterised in that it comprises a matrix of ADN, in which 
an explosive has been suspended, selected from the group consisting of RDX, 
HMX, HNIW and mixtures thereof. 

15 4. A melt cast charge as claimed in claim 3, characterised in that it contains alumi- 
nium powder. 
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